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ABSTRACT

A well-distributed nano-silver hydroxyapatite composite has been successfully prepared by a one-pot synthesis
method. Hydroxyapatite was separately synthesized by a sol-gel method, then impregnated with silver nano-
particles with the mediation of Uncaria gambir Roxb. leaf extract in the presence of three kinds of alkanolamine
compound; monoethanolamine (MEA), diethanolamine (DEA), and triethanolamine (TEA) as capping agents.
The effect of different capping agents on the properties of the silver nanoparticles and the nano-silver hydro-
xyapatite composite were studied. UV-visible spectrophotometer analysis exhibited absorbance peaks at
402-439 nm which specifically corresponds to spherical silver nanoparticles. Higher optical absorbance was
observed in TEA-capped silver nanoparticles, than in DEA and MEA-capped ones. X-ray diffraction (XRD)
analysis showed a highly crystalline hexagonal structure for hydroxyapatite and no detected metallic silver.
However, the presence of 1.65% silver was confirmed by energy dispersive x-ray (EDX) spectroscopy analysis.
Transmission electron microscopy (TEM) analysis revealed spherical silver nanoparticles with a size range of
2-62 nm (smallest mean diameter of 2 nm) adhered to the hydroxyapatite surface. The TEA capped impregnated
silver nanoparticles were the smallest, corresponding to the best capping performance, followed by those capped
by DEA and MEA. Small-sized nanoparticles on hydroxyapatite are beneficial for highly antibacterial bone
implants.

1. Introduction

any other organic compounds into HA [8]. Furthermore, antibiotics
loaded into implant material tend to be rapidly flushed out by body

In recent decades, the study of calcium orthophosphate based in-
organic biomaterials has been of increasing interest due to their wide
applications in the field of health and medicine [1-3]. One of the most
studied of these is hydroxyapatite (HA) (chemical formula
Cay0(PO4)6(OH),) which is used as a graft material for bone and for
tooth substitution and repair due to its biocompatibility, bioactivity,
and osteoconductivity [4,5]. Synthesis of hydroxyapatite has been
achieved using a hydrothermal method [6], a microwave-assisted
method [1], sol-gel [2], and a precipitation method [5]. The sol-gel
method is considered efficient, easy, and environmentally friendly as it
is low-cost, requires a low formation temperature and yet achieves high
degrees of homogeneity and purity [7].

However, one of the main problems of this material is infections
that can occur after bone implantation or other surgical operations
since these biomaterials provide sites for potential bacteria adhesion.
This process might be due to the absorption of protein, amino acid, and

* Corresponding author.
E-mail address: syukriarief@sci.unand.ac.id (S. Arief).

https://doi.org/10.1016/j.ceramint.2019.11.035

flood resulting in long term post-surgical infections [9]. This situation is
made worse by the increase of multi-drug resistant (MDR) bacteria.
Therefore, there is a demand for the development of a new generation
of modified antibacterial agents to solve this problem [10,11]. Nano-
technology offers a promising approach to the fabrication of anti-
bacterial agents in the form of metallic nanoparticles. In recent years,
silver nanoparticles with their antibacterial properties have gained a lot
of attention due to their potential applications in the biomedical field
[12,13]. It could be expected that the incorporation of silver nano-
particles into hydroxyapatite could help avoid post-operative in-
flammation and bacterial infection [14]. In addition, compared to bulk
materials, silver nanoparticles have excellent properties due to the high
surface area to volume ratio which results in a beneficial effect at low
concentrations when incorporated into a biomaterial. This point is
crucial for the health of the patient as it minimizes the amount of this
metal in the body [15].
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In our previous studies, stable colloidal silver nanoparticles have
been successfully synthesized by bio-reducing Ag™ using Uncaria
gambir Roxb. as a reducing agent in presence of MEA [16] and DEA [17]
as a capping agent. Uncaria gambir Roxb. is one of commodity in West
Sumatera, Indonesia and for long time had been used as traditional
medicine due to the content of some polyphenol compounds pre-
dominantly catechin. Those polyphenol compound is expected to re-
duce Ag* to Ag®. The formation of those stable and small-sized col-
loidal silver nanoparticles was conducted using a simple method and
did not require the use of expensive technological equipment. Mod-
ifying this method of silver nanoparticle fabrication by the addition of a
capping agent should result in control over their size and stability
which would be advantageous since the antibacterial activity of me-
tallic nanoparticles is strongly influenced by size [18]. Hence, in this
study, three kinds of alkanolamine compound, i.e. MEA, DEA, and TEA
were trialled as capping agents in the preparation of silver nano-
particles using Uncaria gambir Roxb. leaf extract using 1 pot synthesis
with hydroxyapatite powder. The effect of alkanolamine compound
structure on the properties of silver nanoparticles was studied and the
effect of each capping agent were compared using UV-Vis spectro-
photometry, XRD, EDX, and TEM analysis.

2. Experimental procedures
2.1. Synthesis of hydroxyapatite

Hydroxyapatite was separately synthesized using a sol-gel method
based on previous report by Jamarun et al. [7]. The calcium precursor
used in the reaction was extracted from cockle shells (Anadara granosa)
as in Azis et al. (2015) [6]. The cockle shells were cleaned, washed,
dried, and ground to a coarse powder. They were then calcined at
900 °C for 5 h to obtain CaO. (NH4),HPO,4 (Merck, analytical grade) was
used as a phosphor precursor.

This CaO was diluted into HNO3 2 M (Merck, analytical grade) and
then stirred at a constant rate of 600 rpm at 85 °C for 20 min 250 ml
(NH4),HPO,4 was added drop-wise to the solution while stirring at
110 °C and pH adjusted to 11 using NH4,OH (Merck, Analytical grade).
The mixture was stirred for 5h to obtain white sol. After 24 h of aging,
the gel was filtered and dried in a 110°C oven for 6h to obtain a
powder. This was then calcined at 900 °C for 5h resulting in hydro-
Xyapatite.

2.2. Synthesis of HAp-AgNps composite

Uncaria gambir Roxb. leaves were taken from the experimental
garden, Andalas University, Padang, Indonesia and extracted using the
method of Labanni et al. [16]. Fresh leaves were washed, dehydrated by
shade drying, and mashed up to obtain powder. Extraction was con-
ducted using water solvent and stirring at a constant rate at 65 °C for 2h
then filtered. This filtrate was then stored in a sealed bottle at 4 °C.

Nano-silver hydroxyapatite composite was fabricated by precipita-
tion method. 1 mM silver nitrate (Merck, Analytical grade), 2 mM of the
chosen alkanolamine (Merck, Analytical grade), and 4% leaf extract
with as-synthesized hydroxyapatite to make a total volume of 50 mL
were stirred together in a dark environment in 1 pot for 24h at a
constant rate of 600 rpm at room temperature. After stirring, the mix-
ture was filtered and the residue was washed using distilled water, then
dried in a hot air oven to produce powder. The synthesized nano-silver
hydroxyapatite composite fabricated using MEA, DEA, or TEA as a
capping agent are hereafter denoted as HAp-AgNps MEA, HAp-AgNps
DEA, and HAp-AgNps TEA, respectively. In addition, the synthesis of
HAp-AgNps without the use of a capping agent was also carried out as
control, which is hereafter denoted as HAp-AgNps0.
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2.3. Characterization

The UV-Vis Spectrophotometry analysis of silver nanoparticles was
carried out using Thermo Scientific Evolution 201 UV-Vis in wave-
length range of 200-800 nm. The crystal structure of synthesized HAp-
AgNps was investigated using X-Ray Diffraction Rigaku Ultima IV with
CuKa radiation with a scanning rate of 2° min~' at 60kV and 20 mA.
The size and the morphology of HAp-AgNps were evaluated using JEOL
JEM 2100. Chemical composition of the samples was determined using
EDX JEOL JED 2300.

3. Results and discussion
3.1. UV-Vis Spectrophotometry analysis

The formation of silver nanoparticles was indicated by a colour
change from colourless to yellowish-brown 5 min after the reaction. The
presence of the particles was then tested by UV-Vis spectrophotometry
analysis over the wavelength range of 200-800 nm (Fig. 1). Optical
absorption peaks occurring at 402-439 nm were observed in all four
samples. The absorbance value increased with the presence of alkano-
lamine in the reaction which suggested that, besides acting as a capping
agent as expected, these alkanolamine compounds acted as reducing
agents as well. AgNps-TEA provided the highest absorbance value fol-
lowed by AgNps-DEA, then AgNps-MEA. This result suggested that the
structure of alkanolamine compounds used significantly affects the
number of silver nanoparticles formed in the reaction. This might be
due to the number of hydroxyl groups in the structure, which have a
role in reducing silver cations to metallic silver. Furthermore, the use of
different alkanolamine compounds also resulted in different wave-
length ranges in the absorbance spectrum, with AgNps-TEA absorbing
at shorter wavelength than AgNps-DEA and AgNps-MEA. The Mie
theory of scattering for spherical metal nanoparticles indicates that a
shift to longer wavelength corresponds to a larger particle size [19].
Hence, this result suggests that the use of TEA resulted in smaller sized
nanoparticles than those of DEA and MEA capped reactions. AgNps-TEA
capped nanoparticles also had a narrower absorbance peak suggesting a
narrower size range. This result was subsequently affirmed by TEM
analysis.

3.2. X-ray diffraction analysis

The result of XRD analysis of the HAp-AgNps powder synthesized
with each alkanolamine compound is displayed in Fig. 2. The diffrac-
tion pattern of HAp-AgNps in all samples showed peaks at 26 values of
26.10, 32.00, 32.43, 33.16, 46.86, and 49.62° indicating a well-
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Fig. 1. UV-Vis absorption spectrum of Uncaria gambir Roxb. mediated silver
nanoparticle with alkanolamine compounds as capping agent.
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Fig. 3. XRD pattern fitted with Le Bail method for bi-phasic HAp-AgNps.
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crystallized hexagonal structured hydroxyapatite based on the ICSD
#26204 standard. This result indicated that hydroxyapatite had been
successfully synthesized using Anadara granosa as a calcium precursor
using sol-gel method. The metallic silver was not evident in the dif-
fraction pattern of the HAp-AgNps samples. Similar results have also
been found in previous researches about HAp-AgNps composite, where
metallic silver was not detected in XRD analysis [20,21]. In fact, the
percentage of silver nanoparticles was very small compared to hydro-
xyapatite in the samples and this could be the reason for the lack of
observable metallic silver peaks.

In order to display the metallic silver peak in XRD analysis more
clearly, Le Bail refinement was conducted on one of the samples using
Rietica software using 2 phase standards of hydroxyapatite and silver.
The plot is shown in Fig. 3, where the black circles represent the ex-
perimental XRD data, the red line represents calculated data of both
hexagonal hydroxyapatite and face-centred cubic silver phases, and the
green line represents the difference pattern. The result shows the pre-
sence of Ag at 26 of 38.20 and 44.21°, marked by an asterisk (*), in
accordance with the ICSD #604631 standard for metallic silver. The Rp
value was found to be 16.09 with a goodness of fit (x*) of 2.169 which is
an acceptable value according to the basic principles of goodness of fit [22]. In
comparison to this result, the Rp value of single-phase hydroxyapatite re-
finement was found to be 16.72. The decrease of the Rp value in two-phase
refinement indicates the presence of the Ag peak in the diffraction pattern.

3.3. Energy dispersive X-Ray analysis

Elemental analysis using EDX further confirmed the presence of Ag
in the samples. Fig. 4 showed the elemental analysis result of HAp-
AgNps TEA with an Ag peak at approximately 3 keV, with a mass per-
centage of 1.68%. This clearly confirmed the presence of silver in the
samples as indicated in the XRD analysis. Not surprisingly, Ca and P
were also evident in the sample from the content of the hydroxyapatite.

3.4. Transmission electron microscopy analysis

The presence of nanometer-sized silver was clearly observed in the
TEM. Spherical nanoparticles with size range of 2-15nm could be
clearly observed attached on the surface of micrometer-sized hydro-
xyapatite (Fig. 5). The very small size and ratio of silver nanoparticle
compared to hydroxyapatite is a strong reason for the absence of me-
tallic silver peaks in the XRD analysis result. A highly significant dif-
ference was observed between the appearance of the capped HAp-
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Fig. 4. EDX analysis of HAp-AgNps TEA.

5852



A. Labanni, et al.

Ceramics International 46 (2020) 5850-5855

Fig. 5. TEM Images of a) HAp-AgNps MEA, b) HAp-AgNps DEA, c¢) HAp-AgNps TEA, and d) HAp-AgNpsO0.

AgNps and AgNpsO. Silver nanoparticles on HAp-AgNpsO (Fig. 5d)
tended to be stacked and agglomerated in certain sites, while in HAp
AgNps-MEA, HAp-AgNps DEA, and HAp-AgNps TEA (Fig. 5a, b, c) silver
nanoparticles were well distributed over the HAp surface. A similar
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result has been previously reported by Nirmala et al. [23] who syn-
thesized HAp-AgNps from bovine femur bone where hydroxyapatite
was presented as microstructure with silver nanoparticles attached on
the periphery. The present results clearly suggest that the use of

0 10 20 40 50 60 70 80

Particle size (nm)

Fig. 6. Particle size distribution of AgNps on a) HAp-AgNps MEA, b) HAp-AgNps DEA, c¢) HAp-AgNps TEA, and d) HAp-AgNpsO0.
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alkanolamine compounds strongly affects the distribution of AgNps on
the HAp surface. The attachment of silver nanoparticles on the surface
of an implant is more advantageous for antibacterial activity than silver
nanoparticles attached inside the implant [24].

Fig. 6 shows particle size distribution of as-synthesized HAp-AgNps
as determined by ImageJ software. It was discovered that the mean
diameter of nano-silver in HAp-AgNps0 was 49 nm, 10 times larger than
that of nano-silver in HAp-AgNps TEA. In addition, nano-silver in HAp-
AgNpsO (Fig. 6d) showed a much broader particle size range than those
in the alkanolamine capped samples indicating that the use of capping
agents was indeed able to control growth and affect the size uniformity
of nanoparticles.

In addition, there was a correlation between the type of capping
agent used (MEA, DEA, and TEA) and the size of silver nanoparticles.
Nano-silver in HAp-AgNps TEA provided the smallest particle size,
followed by nano-silver in HAp-AgNps DEA, then HAp-AgNps MEA. As
TEA has more hydroxyl groups than DEA and MEA has even fewer, it is
concluded that the higher number of hydroxyl groups in the structure
results in the smaller mean size. Several studies have reported that in
the stabilizing mechanism of silver nanoparticles by alkanolamine
compounds, an electrostatic interaction occurs between free electron
pairs from nitrogen and positively charged AgNps, resulting in a pro-
tective monolayer. This monolayer then caps nanoparticles to avoid
excessive fusion, hence controls the growth and size of nanoparticles
[16,25,26]. It is assumed that hydroxyl groups of alkanolamine com-
pound obstruct further interaction among silver nanoparticles. The
higher number of hydroxyl groups in TEA could be the reason for the
optimum capping performance of TEA, thus resulting in the smallest
nanoparticle size seen in the TEM as well as the wavelength shift in the
UV-Vis spectrophotometry analysis. These silver nanoparticles are of a
much smaller size than those previously reported by Bharti et al. who
used trisodium citrate as a reducing agent, resulting in nano-silver with
mean particle size of 58.38 nm [27].

4. Conclusion

A well-distributed nano-silver hydroxyapatite composite has been
successfully synthesized using a 1 pot green synthesis method with
Uncaria gambir Roxb. leaf extract as the bio-reducing agent and each of
three different alkanolamine compounds as capping agents. UV-Vis
spectrophotometry and EDX analysis confirmed the formation of silver
nanoparticles. XRD analysis showed the formation of a highly crystal-
line hexagonal structured hydroxyapatite. TEM analysis confirmed the
presence of spherical silver nanoparticles with a diameter range of
2-62 nm adhering to the hydroxyapatite surface. The results suggested
that alkanolamine compounds can play a crucial role in fabricating
stable and well-distributed silver nanoparticles on the hydroxyapatite
surface. HAp-AgNps TEA showed smaller AgNps than those of MEA and
DEA. This small size indicates that although the amount of silver con-
tained in the hydroxyapatite compound was extremely small, the sil-
ver's surface distribution should have a significant antibacterial impact.
Silver nanoparticles incorporated hydroxyapatite using Uncaria gambir
Roxb. leaf extract and TEA could produce materials highly suitable for
biomedical applications.
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